Inhibition of sphingolipid synthesis affects axonal outgrowth in cultured hippocampal neurons.
Neuronal growth is regulated by both extracellular and cellular determinants and is believed to proceed by the addition of new membrane material at the growth cone. To determine whether lipid synthesis is necessary to maintain neuronal growth, we have examined the effect of Fumonisin B1, an inhibitor of ceramide synthesis, on the development of cultured hippocampal neurons. Fumonisin B1 inhibits ceramide synthesis in hippocampal neurons both in vivo and in vitro. Ganglioside synthesis and content was reduced after Fumonisin B1 treatment, and ganglioside GD1b was not detectable at the cell surface by immunofluorescence. Inhibition of sphingolipid synthesis by Fumonisin B1 had a significant effect on axonal growth. Between days 2-3 in culture, mean axon length increased from 170 to 240 microns, but in Fumonisin-treated cells, no increase in axon length was observed. Addition of a fluorescent derivative of ceramide together with Fumonisin B1 reversed this effect, confirming that Fumonisin B1 acts via inhibition of ceramide synthase. Further, ceramide by itself caused a significant increase in axon length. We discuss three possible mechanisms by which inhibition of sphingolipid synthesis could disrupt axonal growth, among them the possibility that ongoing sphingolipid synthesis is necessary to provide new membrane material to the growing axon.